

























































































































































































































































































































































































































































































































heed Electronics Company, Inc.,y0oTJGrdj_iCU-pGCUO-Pmrd^i0CUordexCOTJ0)CGrdgf£CO2CUx;EH
ow field development for the
rHmrHrdGO•H-Prd-P3i 4oUG-rlCU•H-POrdCCUCUXICUrdX!GO_pCO3OK-Prd








1 technique have included therdo
•Hj_iCUg3GCUxi-pmoCOGo-H-prdO•rlrHexf£•t>1oCUXI-pg3rjG•rH-PGOO






a shuttle orbiter wing andrHomCOCo•H-PrdrHrj0
rHrdo|5OrHinCOrj0UCO-rl!>TJGidTJ•HOCO• rlG^-HCUXi-P
er and the laminar wake werej>-irdrHyOoxiCOCUx:Go•rH-PrdrHrjg>_)0mCOrjOoCO-H>0)Xi-PGH•CUCOoG






s starter solution could be3ooCO
-Hj>rdmo-PGCUeexoHCU£•CUTJV_|3O-Prdx:•PCU-pos.GO-HCOCO3U


















































































































































attack stems predominately from the aero-M-lOcurHtr>£rdxitn•Hx:10H-lrd0)rH0•HX!CU^CU•H-P4J;3XiCO
with the vast surface area in the leeward'd(U-Pid-HuoCOentdgcurHX!05-1ftC7>£•H-PidcuX!o-Hgrdc"d
diction problem at high attitude. With thecuMQjpJcuxi•penidiHHCU^enid£j0•HCncufe0•HM-l
ques, it seems possible to compute the•HGX!OCU-prHido•H^4CUdfl•HCU0£rdj>T3id•PCcuocurH
idrHCU•HorHCUEHCUCU0COcu•H•HCidQcuiHU•HX!CU£>CUX!-P•d3o5-1idu0rHM-lCU-PCUrHftg0O







of attack is relatively simple since it iscurHCndfdjj0Hid-Pid•drHcu-HM-l|5OHM-lCUX!EH
m of a small subsonic nose region. Therdcu^i-Penr;gO•dU•Hcoenj_icuften!>irHCUH-)10C•HgOT!CUft
s primary applications in three areas. Itmxipjo-rH-PrdrHJj0•HfdurHcu1^fdrHyu0Xienen3OUen•H>
inviscid supersonic solution since thecu
xi•P-Pj_iid•Pen^irHJ^CUft0rHftO•p•dQ)en3cuXtq;id0
luded. It can also be used to initiate aoc•Hen•H-PCQ)gtu0idiHften•HT!MCUidH£-1rHidCOX)
t to the body and downstream from the sub-ocuoid
•n•didflo•H-PidrH3UHidO}_)CUidrH1^rHidrfjcoX!
tion is required to augment the downstreamfdo•rHrHftftidrHcu-PH-)rdrHen•HX!EH*CO-HCncurHo
•HCOen
le application is the prediction of flowX!•HenenOft'drH•HX!•Pf^J.co
•H•prHOen•d•HOen•H£>c•H










f analyzing the viscous shock layer can be seen in thiso0)ocrd•PMOp.g•HCUr;EH
velocity-altitude curves for a typical shuttle trajectoryQ)4JinSOX!CO-PMft0)H§)•H
0•Ptn•H•P10U•H'dG-HCOCU•rlM10o(dcucucoCO0CQrH•pGcucu•dGidr]Op(drH&>G•Hj3T)
2
s taken from Probstein. These boundaries, however, areG0-Htncurlj5orH<4H•PC.prlOg*•H
GO•H-P(0rlP-rlGO0(UGOCUoGCUCCUftCUcuocuCQidocucurlp4JidG•HrTidrl.p•rlXIidi^rHCU-rl•PidrHcurl














































































































































































































































































































































d to take into account the ideal gas and the equilibriumCDCO3cn•Hr— (CDOgcnfdCnCDrHQ
.
g•rHCO
ition, the bulk viscosity is taken to be identically zero"d•dcH.cnCD
•rH4-J}_(CDpt
0narH•rHid













ow variables are chosen as the pressure, the velocityHm4JG0G0a0•d0X!•CO0Xfd



















































totic solutions were found after 500 time stepsftgCO<010)g
-H-PrH0-p0)CnrH(UG^Or_j.£o•H•P














d the cooled body surface. This suggests thatrH(0[5o-PCO-PG•HOftX!CO0)g0).pCnG•HN(U0)3O 1CO




















































































































































d skin friction coefficients fordtorHCDMHCOtO-^1-pH-)mCD
X!CDdg5CD-P13O•PCQ-pdCDg•H}_|CDaW




















, however, is quite close to the0oomll8CDtf4J(0
13(Ud•rHtO-pXIoKC_)_pdCD•HO•rHMHMHCDOOXrjHMH
13CDrH10Eo-podCDVH<urHS•Hd•HCD4->dCDCQCDrHCQH->rHCQCDrHrHCDX!4J0rH(0rHCDCDCO>irHOCDx;•P-PdCDrHrHO




the results available from otherVrHCD0CDrHJ>JCD
-rHtPCDrHrHCD10rH>1Vi(0pjj3OXICD4Jd•HCOuorHMH
ose region to warrant a meaningfuldCD•Bd•HCQrH-H104JCDUCDMHO04J-dCD•d•tHO^rHftCD>tOX!CQCDOM30CO






































































































































sophisticated formulation is beingTfSHids_iCUd(UtjicuMOgidN.dO•rH•Pid3D 1Q)COQ)0•Pw1>-l0)•rli^d2
phenomena neglected in the present•HQ•HrH•Hrjtj 1(UG0CUX!4->COJ_JCU•d•HCOG0O-Pfd•dcuftoH0<u
cal reactions and a vibrational•Hg0)X!OCU•pfdj_ii0)•HG••HMHX!-PO•£*iTJ-PCO^ rH«4HCO3OoCO•H>
rHid0)idMo<u•drHO•H(UXIHrH•HCOCU•HOCUftCO0•HgO-pfd•H•dcu40)_l0rHCU'O0g}-lo4JidrHrH•HoCOO1O•HdogrdX!





heat fluxes. This formulation usescuUid<4HrHCOCUX!•pCO4JOCUII 1ll 1idi^4-1•HU!>irHid-pidoCUofdMHJ-ldCOCUrj•P




ed by the present Cartesian coordi-j^orHrH(dCO•HGidrj4JG0•Htn(UM0)COOfjO-HdoCO•iCO(UXi4Jg0MH





































U°ey <§ 5tt O^ u_
OO
 X
 H
-
u
 O
 £
•
 
tt
 
O
Z
 
o
.
 a
.
U)
183
COw53pejWfas
r^
!
Og,£co<HO£o•H1
 T
too•HH§<F• ••O•CJVJ_jQ)0)-Pm2]"dfifd•».j>^_£-0-rlf^drv|~-•^.ft>HCUrH•Pd
CDH41-Pa£CQ(1)OoJft•CO50)•HfagHfa0)H-Pjj)£coOwtfo•~0)w•HW•HrH<L>1 1Oci£Hr<r^rrj£oibOCi•H%•PCDO
•
n\ilA
VDa*cvjrr\H•vH_5Q£>•*opj<1JMf^HoofeMJJHO1o<uwo*s3atfa>H0).CJ-goe.M(I)
O•Ha0COrlcua>1ffifl-rH4Jc:a)GaorH(1)>CUQ-drHQ)•rlfaJgOHfarrjcfd1)(^0yo0CO...fa.C£•kg-HQ)•PCOOft
•
rHVDCMH>1rlnSPMA0)fav^<T>rH1in00rH.Oi^
rH
l
M
 1^
rH
'
rrjMOCOP4<J«^1^14JC!0)0)
§•Hc0-p£cu530)X34J»dctoCOg(UrHAoMft>i•Oomi-PcrHPQO-HCOCO}.(cuOiwCO0oCO•H^• •.w.K&>(5CUo
•
.
.
ohi^rHrH(0S3Eo^rHfaO•HgCO(Ua&cpj•rH(tifjCUgocCUr]ftrHta4Jr^Q)•1pjfaQ)rj4Jd•rl^1OcuEH
*
VDVDrHCNmrH1O
.
O
<
a«
.
.
^H
.
^
^
COCOcuft>1-p-rlCOcu-HcDHrH(UcourrrjCU
COcu^0-pCO>HQ)-H>fds-Pc<UT3cCUa
.
cuQ1cug•HEH
'
CU5MHOao•H-PrHOCO..
.
ft
*
,
pjOoofrjpjnj^*g•conTrH(DOco
K
vo!^
rHrtCH3Oh>sH<•MCUT3G-HrH>10)H(drH3O^_l•rlUidrrjPjrjortj0^rHfa0)4Jrl0MHCOpjO•rl-P(dG 1
•
COCTl
H>
i
rdg«
.
CMCNCOjmrHCO
.
p
.
p
,
M0mT3o5cugrHrdflo•rH•P(d-Pd1U•PCCU•tfCiCUcucuQ1cug•rHEH*^J• ••g^4J4JCUIT3Cfd«
.
.
O
*
•H•PCUJ_lOg
vou>CT>
rHJ-J0)*gcu0cuQCNCO[-1vo[•^.p
l
»
4V
^
r|«»
rH(dp*3^0r^I(^HrtjCO>OrHfa^1room-P3rHm
XooX!COcu5MomCOco-H•pfd3G 1PL)COCU,XO-pCO1rHQ)•rl>fd53CUf-j4J^HOCOC0•r|•P3rH0COrHfdo•rlJ-lcugrjJ2J• •.ftU».•Hi-3
10rlCU<co4JCOdoffi^•ocH^>1cfdi 10uCOO•HC!OM-PCJcurHW•ocucu<-;,xO0«»CMinIi^mi —voptjEHt<U?>ifdi^
•
rHr^CMrH-PCO£jCnJ3rtjs
,
Co•HCO-H•rlQCOgCU•pCO^1wQ)OfdaCO
C•HCO-d•rl0rH0X!fdMfdftt3CfdCO•d•HOrH0AMCUa>1ac0COC0•rH•P•Hrrjp;0O0)OfdMHrlW• •.pj•fficurH4J-p•HJ
.
Or^cr>rH>1f^ddcfdr}*»CMCOrH10r^•0pj<^uP[fdp.f£i^H,*5OrHfaO
•rHp;0COrlCUp
.
^
1
a
in
